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Brown planthopper (BPH) is one of the destructive insect pests causing significant yield 
losses in rice. BPH causes direct damage to the rice plants by sucking the sap from phloem, 
causing hopper burn and transmitting viral diseases like grassy and ragged stunt viruses. 
Several resistant donors have been identified from time to time, but the new biotypes of the 
pest arise to defeat the extended use of resistance genes in a single variety. This necessitates 
the regular identification of new resistant donors along with their nature of inheritance and 
gene action controlling the resistance. Knowing the inheritance pattern, gene action and 
number of genes controlling a trait helps the plant breeders to plan the effective breeding 
approaches for crop improvement. The present investigation was hence carried out to know 
the inheritance pattern, gene action and number of genes controlling BPH resistance in 
newly identified sources. The results indicated that the BPH resistance in PHS 29 genotype 
is under the control of single recessive gene. Whereas, it is controlled by two recessive genes 
in MRST 3 genotype. This reveals that relatively higher population size will be required to 
recover desirable segregants in the segregating populations involving MRST 3 genotype as 
one of the parents as compared to that involving PHS 29 genotype as parent. Since, the 
resistance in both the cases being recessive in nature, the trait will hence show significant 
additive effect, indicating that pure line development will be desirable for improvement of 
such a trait. 
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Introduction
Planthoppers are phloem feeders, belonging to superfamily Fulgoroidea and order He-
miptera. The most economically vital family is Delphaciedae considering the mechanical 
damage it causes to rice crop and the transmission of various viral diseases (Dupo and 
Barrion 2009). Among planthoppers, brown planthopper (BPH) is one of the most vicious 
insect pests causing considerable yield losses in most of the rice cultivars of Asia (Soga-
wa et al. 2003). BPH, Nilaparvata lugens (Homoptera: Delphacidae) induces direct dam-
age to the plant by sucking the sap from phloem, causing hopper burn and transmitting 
*Corresponding author; E-mail: shoukat.pbg@gmail.com
680 RatheR and Deo: Inheritance Pattern and Gene Action
Cereal Research Communications 46, 2018
important viral diseases such as ragged and grassy stunt viruses. Even if the planthopper 
population is not significant enough to kill the plants, BPH feeding may still lead to con-
siderable yield losses (Watanabe et al. 1997). More than 28% of the total dry matter of 
rice plants can be consumed by BPH, if infested during reproductive phase of rice crop 
(Sogawa et al. 1994). Destructive damages due to BPH in recent years have been reported 
in China, Japan, Korea and Vietnam. In China, yield loss of about 2.7 million tons of rice 
due to BPH damage has been noticed during 2005 and 2008, while a yield loss of 0.4 mil-
lion tons was reported in Vietnam due to ragged stunt and grassy stunt viruses transmitted 
by BPH (Brar et al. 2010). In India, heavy infestation of BPH was reported during 2007 
in parts of Cauvery command area in Karnataka and during 2008 in Haryana, Punjab and 
Delhi states (Gowda 2009).
Advances in modern technologies have led to several control measures to minimize 
yield losses due to BPH infestation. But to develop a sustainable insect pest management 
system, there is a need to find correct balance among breeding and management strategies 
in order to keep the pest population under economic threshold levels (Bosque-Perez and 
Buddenhagen 1992). Conventional procedures to reduce damage caused by BPH include 
the use of chemical insecticides but this is costly, ineffective under some weather condi-
tions and the chemicals can kill BPH predators, such as Anagrus nilaparvatae and Creon-
tiades dilutes (Wang et al. 2008), which may lead to increased pest incidence as well as 
evolution of pesticide resistant BPH biotypes (Tanaka and Matsumura, 2001). Host plant 
resistance is by far the most valuable and environment friendly approach to prevent the 
losses caused by BPH, thereby enhancing yield potential of crop plants (Jena et al. 2006). 
In order to breed for BPH resistant rice varieties, it is imperative to recognize BPH resist-
ance genes from diverse sources and integrate them into high yielding but susceptible rice 
cultivars. Before planning of any breeding programme for a given trait, it is quite neces-
sary to know the nature of inheritance, gene action and number of genes controlling it. 
This helps breeders to decide the approach to be used for effective genetic advance and 
the size of the segregating generations required to recover the desirable plant types (re-
combinants). Keeping this in view, the present investigation entitled was carried out to 
determine the nature of inheritance and gene action of BPH resistance in newly identified 
sources from the cultivated gene pool of rice (Oryza sativa L.). 
Materials and Methods
The rice germplasm that was subjected to screening for BPH resistance using Standard 
seed box screening technique of Heinrichs et al. (1985) under controlled conditions. The 
germplasm included 44 advanced rice lines (F6/F7 generation) and six stable lines along 
with susceptible check, that is, Taichung Native 1 (TN 1) (Table S1*). 
The BPH susceptible genotypes, TN 1 and Pusa Basmati 1 were crossed with identified 
BPH resistant genotypes PHS 29 and MRST 3, respectively to produce the F1. The F1 
derived from TN 1×PHS 29 cross was advanced to produce F2 generation. Whereas, the 
*Further details about the Electronic Supplementary Material (ESM) can be found at the end of the article.
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F1 obtained from Pusa Basmati 1×MRST 3 cross was used to produce F2, B1 (backcross 
with Pusa Basmati 1) and B2 (backcross with MRST 3) generations.
All the available generations of each cross along with concerned F1 and parents were 
subjected to evaluation for BPH resistance under glass house conditions as per standard 
seed box screening technique (Heinrichs et al. 1985) (Figure 1) for finding out the inherit-
ance pattern and gene action of the trait. The screening was conducted at a temperature of 
28 to 30 °C and relative humidity of 70 to 80%. The seeds were presoaked and sown in 
rows in 50×35×10 cm seed boxes along with susceptible check (TN 1). On an average, 20 
seedlings per row were maintained per genotype. Ten day old seedlings were infested 
with first instar nymphs and adults of brown planthopper at the rate of eight to 10 per 
seedling. Approximately, one week after infestation, hopper burn symptoms were ob-
served. When more than 90% of susceptible check (TN 1) showed wilting, the plants 
were scored individually based on scoring system proposed by the International Rice 
Research Institute (IRRI 1996) and each seedling was scored as 0 for no visible damage, 
1 for partial yellowing of first leaf, 3 for partial yellowing of first and second leaves, 5 for 
pronounced yellowing or some stunting, 7 for mostly wilted plant but still alive and 9 for 
the completely wilted or dead plant.
For the purpose of genetic segregation, the plants with scores 1–5 were grouped into 
resistant class and those with score 7–9 into susceptible class as suggested by Rongbai et 
al. (2001). The segregation ratios of resistant to susceptible plants were subjected to 
goodness of fit between expected and observed values using Chi-square test. The calcu-
Figure 1. Standard seed box screening of rice genotypes under controlled conditions as per the technique given 
by Heinrichs et al. (1985)
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lated Chi-square was computed by using the following formula of Snedecor and Cochran 
(1967).
Where  O = observed frequency,
 E = expected frequency.
The calculated Chi-square value was tested for significance by comparing the table 
Chi-square value at 0.05 probability level and (n – 1) degrees of freedom, where ‘n’ is the 
number of classes of trait under consideration.
Results
The investigation was focused on to know the inheritance pattern and gene action of BPH 
resistance in the newly identified sources of rice. The data with respect to the screening 
and identification of BPH resistant sources revealed that the parents PHS 29 and MRST 
3 showed a mean BPH score of less than 3.0 (Table S1). 
χ2
2
=
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Table 1. Segregation of plants for brown planthopper resistance in different generations derived from 
TN 1×PHS 29 cross
Generation Total  No. of plants
Segregation of plants
χ2 cal
χ2 tab
(0.05, 1df)R S Ratio (R:S)
TN 1  65  0  65
PHS 29  45 42   3
F1  42  0  42 0 : 1
F2 152 28 124 1 : 3 3.51 3.84
R = Resistant; S = Susceptible; df = degrees of freedom.
Table 2. Segregation of plants for brown planthopper resistance in different generations derived from Pusa 
Basmati 1×MRST 3 cross
Generation Total  No. of plants
Segregation of plants
χ2 Cal
χ2 tab 
(0.05, 1 df)R S Ratio (R:S)
Pusa Basmati 1  42  0  42
MRST 3  37 37   0
F1  41  0  41 0 : 1
F2 172 16 156 1 : 15 2.73 3.84
B1  67  3  64 0 : 1 0.13 3.84
B2  94 16  78 1 : 3 3.19 3.84
R = Resistant; S = Susceptible; B1 = Backcross with P1 (Pusa Basmati 1); B2 = Backcross with P2 (MRST 3); df = degrees 
of freedom.
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As far as inheritance studies are concerned, all the plants of F1 generation obtained 
from TN 1× PHS 29 cross were found to be susceptible to BPH, indicating recessive na-
ture of resistance. Screening of F2 generation showed that 124 out of 152 plants were 
susceptible to BPH whereas, 28 plants were resistant (Table 1).
In case of Pusa Basmati 1× MRST 3 cross, all the plants of F1 were found to be suscep-
tible to BPH. Out of 172 F2 plants, 156 were found susceptible to BPH. In B1 generation, 
64 plants were found susceptible to BPH out of 67 plants. Whereas, in case of B2 genera-
tion, 78 plants out of 94 were susceptible to BPH (Table 2).
Discussion
Host plant resistance is a sustainable and eco-friendly way of tackling the damage caused 
by insects. Brown planthopper is one of the notorious pests of rice crop, affecting the crop 
yields significantly. To breed for BPH resistant rice varieties, there is a need to identify 
the sources of resistance and find out the nature of inheritance, gene action and number of 
genes controlling the trait. During the present investigation, the genetic segregation of F2 
generation derived from TN 1× PHS 29 cross followed 1:3 (resistant: susceptible) ratio as 
per chi-square analysis, suggesting monogenic recessive nature of BPH resistance in PHS 
29 genotype. The monogenic recessive nature of BPH resistance was also reported by 
Khush et al. (1985) in ARC 10550 rice accession. Rongbai et al. (2001) reported that re-
sistance against Pantnagar biotype of BPH in 94-42-5-1 genotype is also governed by 
single recessive gene. The presence of single recessive gene controlling BPH resistance 
was also mentioned by Martinez and Khush (1974), Sidhu and Khush (1978), Verma et 
al. (2001) and Kiran et al. (2014).
In case of Pusa Basmati 1 x MRST 3 cross, all the plants of F1 were found to be sus-
ceptible to BPH indicating recessive nature of resistance. The F2 generation derived from 
the selfing of F1 segregated in the ratio of 1:15 (resistant (R): susceptible (S)) indicating 
digenic recessive nature of BPH resistance in MRST 3 parent. The results were also con-
firmed by the segregation pattern of B1 and B2 generations. The B2 generation followed a 
ratio of 1:3 (R:S), thereby indicating the digenic recessive nature of resistance.
The digenic recessive nature of resistance was also reported by Rongbai et al. (2001) 
in parent 94-42-5-1 against Culong BPH biotype. Balakrishna and Satyanarayana (2013) 
also identified that BPH resistance was controlled by two genes (one dominant and one 
recessive) in donors Sinna Sivappu, Sudu Hondarawah and PTB 33. Deen et al. (2017) 
also reported that the inheritance pattern of different traits suggested that the BPH resist-
ance in ARC10550 genotype is controlled by more than one gene. Since more the number 
of genes controlling a trait, more is the size of segregating generations needed to recover 
the desirable recombinants. The results of the present investigation suggest that while us-
ing PHS 29 genotype as resistance donor, relatively smaller size of segregating genera-
tions is needed as compared to that when MRST 3 is used as resistance donor. 
Although diverse sources of resistance against BPH are available (Ling and Weilin 
2016), a better understanding of relative importance of gene effects affecting the genetic 
variation of resistance will help rice breeders to formulate effective breeding programmes. 
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As far as the gene action of BPH resistance in present study is concerned, the concerned 
trait in both the parents was governed by recessive genes, which indicates lack of domi-
nance. These results indicate that employing pure line breeding method in segregating 
generations derived from crosses using PHS 29 or MRST 3 as one of the parents for de-
velopment of rice varieties resistant to BPH will be quite useful. This is because the BPH 
resistance in PHS 29 and MRST 3 genotypes is governed by additive gene action and 
hence, rice improvement programmes must promote homozygosity of BPH resistance 
alleles for their effective expression.
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